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ABSTRACT
Using Streptococcus sinensis 16S rRNA-speciﬁc and
groEL gene-speciﬁc primers, a 128-bp fragment of
the 16S rRNA gene and a 433-bp fragment of the
groEL gene were ampliﬁed from bacterial DNA
recovered from 22 of 100 saliva samples from
healthy volunteers. There was no nucleotide
difference between the 88-bp 16S rRNA gene
fragments from the 22 saliva samples and that of
S. sinensis strain HKU4T, but there were zero to
eight nucleotide differences between the 311-bp
groEL gene fragments from the 22 samples and
that of S. sinensis strain HKU4T. The oral cavity is
the natural reservoir of S. sinensis.
Keywords 16S rRNA, groEL, oral cavity, reservoir,
Streptococcus sinensis
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In 2002, we reported the discovery of a novel
species of viridans streptococcus, Streptococcus
sinensis, isolated from multiple blood cultures of a
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42-year-old Chinese woman with infective endo-
carditis complicating chronic rheumatic heart
disease in Hong Kong [1]. Subsequently, we
reported two patients with S. sinensis endocarditis
in 2004 [2]. Phenotypic and genotypic character-
ization showed that it is likely that S. sinensis is the
common ancestor of the anginosus and mitis ⁄ san-
guinis groups of streptococci [3,4]. Recently, cases
of S. sinensis infective endocarditis in Switzerland
and France were reported [5,6]. In addition to
these ﬁve reported cases, the S. sinensis 16S rRNA
gene sequence (AY049738) from patients with
infective endocarditis in Germany is also available
(GenBank; http://www.ncbi.nlm.nih.gov/entrez/
viewer.fcgi?db=nuccore&id=15982658).
The reservoir of S. sinensis is still unknown.
One of our three patients with S. sinensis endo-
carditis underwent dental procedures prior to the
development of endocarditis [2]. This suggested
that the oral cavity may be a reservoir of this
bacterium. To test this hypothesis, a molecular
surveillance study was carried out in saliva
samples from healthy volunteers in Hong Kong,
using two independent gene targets.
Salivawas collected from 100 healthy volunteers
(median age 35 years, range 21–58 years) who
were not taking antibiotics during the 4 weeks
prior to specimen collection. Ten microlitres of
each saliva specimen were plated on horse blood
agar and incubated for 24 h. All bacterial colonies
were harvested using a cotton wool swab and
resuspended in 1 mL of distilled water. Twenty
microlitres of bacterial cells were used for DNA
extraction, using published protocol [1].
The complete groEL genes of three S. sinensis
strains (type strains HKU4T, HKU5 and HKU6
[1,2]) were ampliﬁed using conserved primers
(LPW5989, 5¢-TTCGTACNYTSAMCGGTGA-3¢;
and LPW5996, 5¢-YTACATCATDCCRCCAT-3¢)
designed from multiple alignments of groEL
genes of other Streptococcus species [7]. A 128-bp
fragment of the 16S rRNA gene (primers LPW303,
5¢-TAGTTTACTACACCGTAC-3¢; and LPW304,
5¢-CTTACCATGCAGTAAGAT-3¢) and a 433-bp
fragment of the groEL gene (primers LPW, 5845
5¢-AGTTGCGACTGCTGTCAG-3¢; and LPW6007,
5¢-ACGAATCTTGTTAAGAACCAA-3¢) of S. sin-
ensis were ampliﬁed from the DNA extracts of all
bacterial colonies recovered from the saliva of the
100 healthy volunteers in two separate PCRs,
using S. sinensis type strains HKU4T, HKU5 and
HKU6 [1,2] as the positive controls and distilled
water as the negative control. PCR and DNA
sequencing were performed using published pro-
tocols with slight modiﬁcations [1]. The sequences
of the PCR products were compared with known
16S rRNA and groEL gene sequences in the
GenBank by multiple sequence alignment using
Clustal W [8]. Phylogenetic tree construction was
performed using the neighbour-joining method
with Clustal X 1.83.
The sequences of the complete groEL genes of
the three S. sinensis isolates and those of the
partial 16S rRNA and groEL genes are included in
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Fig. 1. Phylogenetic analysis of
GroEL of Streptococcus sinensis and
closely related Streptococcus species.
The tree was constructed by the
neighbour-joining method using
Kimura’s two-parameter correction
and was rooted using GroEL of
Escherichia coli (ABF67773). Five
hundred and thirty-four amino acid
positions were included in the anal-
ysis. The scale bar indicates the
estimated number of substitutions
per 50 amino acids. Numbers (per-
centage) at nodes indicate levels of
bootstrap support calculated from
1000 trees. All names and accession
numbers are given as cited in the
GenBank database.
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Fig. 2. Phylogenetic analysis of nucleotide sequences of the 88-bp fragments of 16S rRNA genes (a) and 311-bp fragments
of groEL genes (b) of Streptococcus sinensis ampliﬁed from saliva specimens of healthy volunteers. The trees were
constructed by the neighbour-joining method using Kimura’s two-parameter correction. Eighty-eight and 311 nucleotide
positions of the partial 16S rRNA and groEL genes, respectively, were included in the analysis. The scale bar indicates the
estimated number of substitutions per 200 and 100 bases, respectively. All names and accession numbers are given as cited
in the GenBank database.
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the GenBank sequence database under accession
numbers EU100836 to EU100882.
Using primers LPW5989 and LPW5996, a PCR
product of c. 1800 bp was ampliﬁed from each of
the three strains of S. sinensis. Bidirectional DNA
sequencing revealed an open reading frame encod-
ing the putative GroEL, with 540 amino acids. There
wereone to twoaminoacidandone toﬁvenucleotide
differences among the GroEL proteins and groEL
genes of the three S. sinensis strains. Phylogenetic
analysis showed that GroEL of S. sinensis is most
closely related to that of S. gordonii (Fig. 1).
Using S. sinensis 16S rRNA and groEL gene-
speciﬁc primers, the 128-bp fragment of the 16S
rRNA gene and the 433-bp fragment of the groEL
gene could be independently ampliﬁed from
DNA extracted from bacterial colonies recovered
from 22 of the 100 saliva samples from healthy
volunteers. Sequencing of the puriﬁed PCR prod-
ucts showed no nucleotide difference between the
88-bp sequences of the 16S rRNA genes ampliﬁed
from the 22 saliva samples and the corresponding
region of S. sinensis strain HKU4T, but there were
0–8 nucleotide differences between the 311-bp
sequences of the groEL genes ampliﬁed from the
22 saliva samples and the corresponding region of
S. sinensis strain HKU4T (Fig. 2).
The fact that S. sinensis is a cause of infective
endocarditisworldwidehas suggested that the oral
cavity might be a reservoir. As S. sinensis is sus-
ceptible to the antibiotics used against streptococci
and has no unique phenotypic characteristics as
compared to other viridans streptococci, no selec-
tive and ⁄ or differential medium can be made for
S. sinensis. Moreover, as S. sinensis does not grow
on MacConkey agar, the chance of S. sinensis
residing in the gastrointestinal tract is remote.
Therefore, the hypothesis that the oral cavity is a
reservoir of this bacterium was examined using a
molecular approach. In this study, S. sinensis was
detected in the saliva of 22% of healthy volunteers
using two independent housekeeping gene targets
that should be present in all strains of S. sinensis. In
fact, the partial 16S rRNA sequence from ‘uncul-
tured streptococcus’ of subgingival plaque with a
1%difference from that of S. sinensis strainHKU4T
was found in GenBank (AM420044), suggesting
that S. sinensis is also present in oral cavities of
humans in other parts of the world. The oral cavity
seems tobe thenatural reservoir ofS. sinensis and is
probably the source of the infection in patientswith
infective endocarditis.
The phylogenetic position of S. sinensis remains
to be determined. S. sinensis had characteristics of
both the anginosus and mitis ⁄ sanguinis groups of
viridans streptococci. The most remarkable char-
acteristic pertaining to the anginosus group was
Lanceﬁeld group F, whereas the absence of a
caramel smell and its being a cause of infective
endocarditis were characteristics of the mitis ⁄
sanguinis group. Furthermore, phylogenetic
analysis using 16S rRNA gene sequences showed
that S. sinensis is equally close to both the angino-
sus and the mitis ⁄ sanguinis groups. In the present
study, phylogenetic analysis of GroEL sequences
showed that S. sinensiswas most closely related to
S. gordonii. However, the clustering of streptococci
into the anginosus and mitis ⁄ sanguinis groups
using GroEL sequences is not as obvious as using
16S rRNA gene sequences. Further phylogenetic
analysis could be performed by sequencing other
genes, e.g. rpoB and rnpB [9,10].
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ABSTRACT
Multi-colour ﬂow cytometry was applied to deter-
mine T-cell-speciﬁc interferon-c, interleukin-2 and
tumour necrosis factor-a expression in children
with tuberculosis and non-tuberculosis mycobac-
terial lymphadenopathy (NTM-L). In vitro stimu-
lation of peripheral blood mononuclear cells with
puriﬁed protein derivative from Mycobacterium
tuberculosis (tuberculin) and M. avium (sensitin)
revealed differential recognition of tuberculin and
sensitin in both study groups. Ratios of tuberculin-
speciﬁc and sensitin-speciﬁc T-cell proportions in
individual patients discriminated between
children with tuberculosis or NTM-L. These ﬁnd-
ings have the potential to improve the differential
diagnosis of mycobacterial infections.
Keywords Childhood tuberculosis, ﬂow cytometry,
intracellular cytokine staining, non-tuberculosis myco-
bacterial, sensitin, tuberculin
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Lymphadenopathy in children can be caused by
M. tuberculosis or non-tuberculosis mycobacteria
(NTM) [1]. Rates of non-tuberculosis mycobacte-
rial lymphadenopathy (NTM-L) in children have
increased during recent years in industrialized
countries, whereas tuberculosis rates are decreas-
ing [2,3]. Differential diagnosis of tuberculosis and
NTM-L has major implications for the treatment
procedure but can only be accomplished by
bacterial culture lasting at least 3 weeks. Conse-
quently, presumptive diagnosis that relies on
clinical ﬁndings, patient anamnesis and tuberculin
skin test (TST) guides the treatment choice.
Different approaches have been evaluated to
improve the differential diagnosis of tuberculosis
and NTM-L. On the one hand, the TST induration
sizes induced by tuberculin have been analysed
[4,5]. These studies identiﬁed differences in the
mean induration size between NTM-infected and
M. tuberculosis-infected individuals. However,
high variances between individuals and the
marked overlap between the study groups ren-
dered induration sizes insufﬁcient as biomarkers,
especially in paediatric cases [4]. On the other
hand, concomitant TST analyses of tuberculin and
sensitin (dual skin testing) have been performed
[4,6]. Dual skin testing and calculation of the ratio
of responses against each antigen discriminated
between NTM and M. tuberculosis infection
in adults [6,7], whereas results from studies
in children were less convincing [8]. These
ambiguous results may be caused by cross-reac-
tivity against the antigens prevalent in both
tuberculin and sensitin preparations.
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